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A retrospective analysis of real-time PCR (RT-PCR) results for 151 biopsy samples obtained from 132 patients with proven inva-
sive fungal diseases was performed. PCR-based techniques proved to be fast and sensitive and enabled definitive diagnosis in all
cases studied, with detection of a total of 28 fungal species.

Most of the methods used in microbiology laboratories for the
diagnosis of invasive fungal diseases (IFDs) present limita-

tions (1, 2). Cultures are too slow and ineffective for early diagno-
sis, although the gold standard methods to prove IFD continue to
be isolation in culture from a sterile sample or demonstration of
invasion by fungal structures in tissues (3, 4).

Classic histopathological studies have significant drawbacks.
Microscopic examinations are quite variable, depending on expe-
rience, but the most important limitation of tissue observation is
the impossibility of differentiating species, which is essential for
determining therapy, given the differences in sensitivity to anti-
fungal agents among fungal species (5).

Molecular methods, such as those based on PCRs, have been
used recently for fungal DNA detection in both fresh and paraffin-
embedded tissue samples, using different targets (4). The great
advantages of these molecular techniques are the determination of
the specific agent and greater sensitivity (6). A limitation is the
lack of standardization of techniques, which are mostly home-
made.

In recent years, the Spanish Mycology Reference Laboratory
has developed a number of real-time PCR (RT-PCR) assays in
order to improve the diagnosis of IFD (7–11). These techniques
serve to confirm the diagnosis of IFD when culture results are
negative and to determine the species involved in infections. In
this work, a retrospective analysis of RT-PCR results for biopsy
samples was performed. The survey included samples analyzed
between 2006 and 2013. A total of 151 biopsy specimens from 132
patients with diagnoses of IFD, proven by histopathological ex-
aminations, and negative culture results were analyzed. The sam-
ples were sent to the Spanish Mycology Reference Laboratory by
hospitals throughout Spain and had very heterogeneous origins,
depending on the patients’ symptoms, with lung, skin, liver, and
brain samples being most common.

Fourteen patients had more than one sample for diagnosis; the
samples had the same origins (duplicates) for seven patients, and
the origins of the samples were different for the rest of them. The
biopsy specimens were fresh (n � 92) or embedded in paraffin
(n � 59). For samples embedded in paraffin, the blocks were cut
into 10-�m sections. Three to 10 cuts were used to extract the
DNA, in order to obtain approximately 25 mg of tissue. Biopsy
specimens were deparaffinized by lavage with 1.5 ml of xylene
(100%) followed by two washes with 1.2 ml of ethanol (96 to

100%). The tissue was incubated at 37°C for about 10 min to
evaporate the remaining ethanol.

DNA from fresh and paraffin-embedded tissues was extracted
using a QIAmp Tissue DNA minikit (Qiagen, Izasa, Madrid,
Spain), following the manufacturer’s instructions. Fifty microli-
ters of buffer was used for elution. Two microliters of DNA ex-
tracted from each sample was used for each PCR.

The PCR-based assays used in this study were as follows. When
there was clear clinical, epidemiological, and histopathological
suspicion of a specific fungal disease, such as histoplasmosis, para-
coccidioidomycosis, aspergillosis, mucormycosis, scedosporiosis,
or fusariosis, a specific PCR test was performed. When there were
no conclusive data about the fungal pathogen implicated in the
disease, a panfungal assay was performed. Finally, when the initial
specific PCR assay results were negative, a panfungal assay was
performed (Fig. 1). For the most part, the PCR assays used have
been described previously (5, 7–11). In addition, a new multiplex
PCR assay able to detect the three main species of Aspergillus was
developed. This assay was designed to detect the three most com-
mon species of Aspergillus involved in IFD, i.e., Aspergillus fumiga-
tus, Aspergillus flavus, and Aspergillus terreus. Specific molecular
beacon probes labeled with different fluorescent dyes (FAM, HEX,
and Cyan 500, respectively) were used. The probes were directed
to the ITS1 region of ribosomal DNA. All assays were done with a
LightCycler 480 RT-PCR unit (Roche, Madrid, Spain) or a CFX96
system (Bio-Rad, Madrid, Spain).

Table 1 shows the main underlying diseases, risk factors, and
species detected by using these PCR techniques. In patients with
oncohematological conditions (the most common underlying
diseases), the main species detected corresponded to the genus
Aspergillus (n � 46). Most patients with AIDS (the second most
common underlying disease) presented histoplasmosis (n � 13).
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The PCR techniques used enabled the detection of 28 different
fungal species (Table 2); 47% of the species detected belonged to
the Aspergillus genus, with A. fumigatus being the most frequently
observed species. Species causing endemic mycoses represented
21%, followed by mucormycetes (10%) and Candida spp. (8%).
Finally, a variety of emerging or rare species represented the re-
maining 14% of the total, of which hyaline molds represented 7%
and black fungi 6% (Table 2). The most frequently observed spe-
cies in this group belonged to the genera Scedosporium and Fusar-
ium. Also present were species that were rarely described previ-
ously as causing infectious diseases, such as Phomopsis longicolla,
Metarhizium anisopliae (12), Arthrographis kalrae (13), and Bipo-
laris spicifera. Four cases of mixed infections were detected; two of
those cases involved pediatric oncological patients from the same
hospital (14), and the other cases involved an oncohematological
patient and a subject addicted to alcohol. The mixed infections
always involved Aspergillus spp. mixed with Candida spp. or spe-
cies of Mucorales.

Although the species distribution found is biased because it
represents cases submitted to a reference center for study and
confirmation, these findings prove the existence of emerging and
rare species that could be relevant in some clinical settings. Cor-
rect identification of the fungal species seems to be essential to
adequately treat the diseases, and molecular methods of detection
have a potentially high performance level that should be imple-
mented in clinical laboratories.

The techniques used depended on the clinical suspicions. In
30% of the cases (41 cases), there was no evidence concerning the
species of fungus implicated in the infection; this occurred when
histopathological images were not clear and the epidemiological

FIG 1 Schematic diagram of procedures performed with biopsy samples, de-
pending on clinical suspicion. When specific assay results were negative, a
panfungal assay was performed. �, specific assays detected the following spe-
cies: A. fumigatus, A. terreus, A. flavus, Histoplasma capsulatum, Paracoccid-
ioides brasiliensis, Rhizopus oryzae, Rhizopus microsporus, Mucor spp., Fusar-
ium spp., Scedosporium prolificans, and Scedosporium apiospermum.

TABLE 1 Underlying diseases and species detected by using PCR
techniques

Clinical condition and
subjects

No. (%) of
cases Species detected

Oncohematological 71 (54)
46a Aspergillus spp.
5 Candida spp.
9b Mucormycetes
11 Other, i.e., other hyaline

molds (n � 8) and black
molds (n � 3)c

HIV 19 (14)
13 Histoplasma capsulatum
2 Aspergillus fumigatus
1 Candida albicans
1 Lichtheimia corymbifera
1 Phoma spp.
1 Rhizomucor pusillus

Solid-organ transplant 6 (4.5)
1 Aspergillus fumigatus
2 Histoplasma capsulatum
1 Scedosporium apiospermum
1 Neosartorya pseudofischeri
1 Phomopsis longicolla

Respiratory 3 (2.2)
3 Aspergillus fumigatus

Immunocompetent 25 (19)
Immigrants 9

5 Paracoccidioides brasiliensis
1 Coccidioides immitis
3 Histoplasma capsulatum

Travelers 5
1 Paracoccidioides brasiliensis
3 Histoplasma capsulatum
1 Candida albicans

Other immunocompetent
subjects

11
2 Candida albicans
1 Fusarium oxysporum
1 Fonsecaea pedrosoi
6 Aspergillus spp.
1 Rhizopus oryzae

Other conditions 8 (6)
Diabetes mellitus 1 Rhizopus oryzae
Urological disease 1 Rhizopus oryzae
Neonate 1 Candida parapsilosis
Vascular surgery 1 Candida tropicalis/

A. fumigatus
Severely burned 1 Scedosporium apiospermum
Vascular surgery 1 Arthrographis kalrae
Vascular surgery 1 Aspergillus fumigatus
Neonate 1 Bipolaris spicifera

a Two cases presented mixed infections with two different Aspergillus spp.
b One case presented a mixed infection with Aspergillus fumigatus.
c Species detected included Fusarium proliferatum, Histoplasma capsulatum,
Scedosporium apiospermum, Metarhizium anisopliae, Phialemonium curvatum,
Scopulariopsis spp., Fusarium spp., Phoma spp., Alternaria infectoria (n � 2), and
Exophiala spp.
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and clinical data for the patients did not allow conclusions regard-
ing the species involved (e.g., for severely burned patients, solid-
organ transplant recipients, or neonates). In those cases, a panfun-
gal assay was used and the sequence of the amplicon was analyzed.
Specific assays were used in 70% of the cases (96 cases), especially
when aspergillosis or endemic mycoses were suspected. In some
cases, specific assay results were negative and it was necessary to
use the panfungal assay. This happened especially in cases of mu-
cormycosis when other fungi were suspected.

Regarding the results for patients with more than one sample,
the results for a sample were negative in just one case; the sample
was a cerebral sample from a patient with histoplasmosis. The
results for the rest of the duplicate samples were all positive.

By using these methods, diagnostic times were greatly reduced.
The samples (fresh or embedded in paraffin) were processed and
results were reported within 24 h when specific assays were per-
formed. When panfungal assays were performed, it was necessary
to verify the quality of the amplification product and then se-
quence the product, which increased the response time to 4 or 5
days. Regarding the cost of these techniques and subtracting the
investment in the equipment, the average price for these assays
was approximately €100 per PCR determination. These tech-
niques are somewhat more expensive than conventional tests but
provide significant savings in the time to diagnosis. Moreover, it
should be noted that all culture results were negative in this study.
These PCR-based procedures proved to be much more sensitive
than cultures and allowed for identification at the species level and
detection of mixed infections. The only limitation to implement-
ing this type of technique in microbiology laboratories could be a
lack of appropriate real-time PCR equipment as well as a sequenc-
ing service.

In conclusion, PCR-based techniques were able to identify the
species implicated in infections even when two species were in-
volved. Therefore, the transfer of this technology from reference
centers to health centers should be a priority, considering that the
cost per sample is not prohibitively high and results could be re-
ported in a few hours, allowing for earlier initiation of adequate
treatment. Furthermore, the samples could be embedded in par-
affin in histopathology laboratories, with minimal loss of sensitiv-
ity (10), and then easily sent to the microbiology laboratory.
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